fr 



(19) 



3 



Europaisches Patcntaml 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 825 602 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

2S.02.1998 Bulletin 1998/09 

(21) Application number: 97306387.8 

(22) Date of filing: 21.08.1997 



(51) Intel.*: G11B 20/10, G11B 19/02, 
G06F 3/06 



(84) Designated Contracting States: 


• Tanikawa, Toshiro, 


AT BE GH DE DK ES Fl FR GB GR IE IT LI LU MC 


Pioneer Electronic Corporation 


NLPTSE r \ (r x s 


Tokorozawa-shi, Saitama-ken (JP) 


(30) Priority: 22.08.1996 JP 221587/96 


(74) Representative: Brunner, Michael John et al 




GILL JENNINGS & EVERY 


(71) Applicant: PIONEER ELECTRONIC 


Broadgate House 


CORPORATION 


7 Eldon Street 


Meguro-ku Tokyo-to (JP) 


London EC2M 7LH (GB) 


(72) Inventors: 




• Kuroda, Kazuo, 




c/o Pioneer Electronic Corporation 




Tokorozawa-shi, Saftama-ken (JP) 





CM 
< 

CM 
O 
CO 

m 

CM 
00 

O 

CL 
LU 



(54) Information recording method and apparatus 

(57) An information recording method is provided 
with: a buffering process for temporarify storing informa- 
tion (S R ), which is inputted from the external (14) and is 
to be recorded, in a buffer memory (10); a generating 
process for reading out the temporarily stored informa- 
tion from the buffer memory, and applying a predeter- 
mined signal process onto the read out information to 
generate processed information (S RE ) comprising a plu- 
rality of record units (42); a recording process of record- 
ing the processed information onto an information 
record medium (1); a detecting process of detecting a 
storage amount of the temporarily stored information in 
the buffer memory; a stop controlling process of control- 
ling the recording process to stop recording the proc- 
essed information within a presently-recorded record 
unit among the record units, which includes the proc- 
essed information which is being recorded by the re- 
cording process, when the detected storage amount be- 
comes less than a predetermined value; and a re-start 
controlling process of controlling the recording process 
to re -start recording the processed information onto the 
information record medium from one of the record units, 
which includes the processed information to be record- 
ed prior in time sequence to the presently-recorded 
record unit, or which is identical with the presently-re- 
corded record unit, when the detected storage amount 
becomes more than the predetermined value. 
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Description 

The present invention is related with an information 
recording method and apparatus for recording record in- 
formation onto an information record medium of write- 
once-read-many type, such as a high-density optical 
disc and the like, which is used as an external storage 
device for a host computer and is represented by a DVD- 
R (DVD-Recordable) on which the information can be 
recorded only once. 

This type of information recording apparatus per- 
forms an operation of recording various data inputted 
from a host computer onto an information record medi- 
um of write-once- read-many type (hereinbelow, it is re- 
ferred to as a '"DVD-R etc."), which is recordable only 
once, under the control of the host computer. At the time 
of this recording operation, the transfer rate, at which 
the data is transferred from the host computer to the in- 
formation recording apparatus, and the record rate, at 
which the transferred data is recorded by the information 
recording apparatus onto the DVD-R etc., are hardly co- 
incident with each other. The transfer rate from the host 
computer is often set to be higher than the record rate. 

Therefore, as a method of canceling or compensat- 
ing the difference between the transfer rate and the 
record rate, there is a method of canceling or compen- 
sating this rate difference, by equipping a buffer memory 
to the information recording apparatus, storing the 
transferred data at the transfer rate temporarily in the 
buffer memory, and reading the stored data at the rate 
corresponding to the record rate. 

By the way, in the information recording apparatus 
equipped with this buffer memory, the balance between 
the data amount read from the buffer memory and the 
data amount written into the buffer memory may be de- 
stroyed due to the difference between the transfer rate 
and the record rate. Namely, the data amount written 
into the buffer memory may become larger than the data 
amount read from the buffer memory, so that a condition 
may happen in which the storage amount of the data in 
the buffer memory is continuously increased. Thus, 
when the storage of the data in one segment which has 
been transferred is completed or finished, the processor 
for controlling the information recording apparatus 
transmits to the host computer a command to request 
for temporarily stopping the data transfer (hereinbelow, 
it is referred to as a 'data transfer stopping command"), 
keeps to monitor the empty capacity of the recordable 
area in the buffer memory which increases while record- 
ing the data onto the DVD-R etc., and transmits to the 
host computer a command to request for transferring the 
data in the next segment from the host computer (here- 
inbelow, it is referred to as a "data transfer requesting 
command") when the monitored empty capacity be- 
comes higher than a predetermined level. Then, when 
the new data is transferred and is accumulated in the 
buffer memory and the empty capacity in the buffer 
memory becomes n 0" or less than a predetermined lev- 



el, the data transfer stopping command is transmitted 
again to the host computer. Then, the host computer 
performs the data transfer control on the basis of the 
above described data transfer stopping command and 
s the data transfer requesting command. 

By the way, various peripheral apparatuses other 
than the information recording apparatus, such as a 
hard disc drive etc., may be connected to the host com- 
puter. Each of the operation speeds of these peripheral 
io apparatuses are often lower than the operating speed 
of the host computer. Thus, in a so-called batch process 
in which the host computer performs one process for 
one peripheral apparatus and changes over to another 
process after the one process is completed or finished, 
'5 a priority order may be set by the host computer with 
respect to each of the processes for the peripheral ap- 
paratuses, and each of the processes for the peripheral 
apparatuses may be performed in a time divisional man- 
ner on the basis of the priority orders, in order to improve 
20 the utilization efficiency of the host computer. 

At this time, it is normal that, as the process is more 
closely related with a so-called "man-machine-inter- 
face" which is directly related to the user of the host com- 
puter, the priority order thereof is set higher. Thus, even 
25 ft the data transfer requesting command from the infor- 
mation recording apparatus is received by the host com- 
puter, the host computer may not immediately respond 
to this data transfer requesting command during the 
prosecution of the process for another peripheral appa- 
30 ratus, which has the higher priority order than the infor- 
mation recording apparatus. Namely, although the infor- 
mation recording apparatus performs recording the data 
onto the DVD-R etc., a condition may happen in which 
the data to be recorded is not stored or accumulated in 
35 the buffer memory of the information recording appara- 
tus i.e., a so-called "under run" condition may happen 
in the information recording apparatus. 

If this under run condition happens, the continuity 
of the data in the data reading operation from the buffer 
40 memory cannot be maintained. In this case, according 
to the conventional information recording apparatus for 
the DVD-R etc., the recording operation is temporarily 
stopped, and, after the under run condition is dissolved, 
new data in each predetermined segment is recorded 
45 again, which includes the data which has been already 
recorded, onto the DVD-R etc. at a new recordable area 
thereof. 

However, in the information recording apparatus for 
the DVD-R etc., since the data which has been once 

so recorded cannot be erased anymore, the recordable ar- 
ea on the DVD-R etc., where the data has been once 
recorded when the under run condition happens, be- 
comes an unavailable area at which the data is not con- 
tinuous and which will be jumped when the DVD-R etc. 

55 is reproduced later. Therefore, this unavailable area is 
really inefficient in the DVD-R etc. on which the data in 
large amount is to be recorded, and the recordable area 
of the DVD-R etc. cannot be utilized efficiently, which is 
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a problem. 

Further, in case that the data which continuity is not 
maintained exists as it is on the DVD-R etc., an error 
operation may be caused at the time of reproduction, 
which is another problem. 

The present invention is proposed from the view- 
point of the above mentioned problems. It is therefore 
an object of the present invention to provide an informa- 
tion recording method and apparatus, which can record 
the data such that, even in case that the under run con- 
dition happens, the recordable area of the DVD-R etc. 
is not wasted, and the data can be precisely reproduced 
at the time of reproduction. 

The above object of the present invention can be 
achieved by an information recording method provided 
with: a buffering process for temporarily storing informa- 
tion, which is inputted from the external and is to be re- 
corded, in a buffer memory; a generating process for 
reading out the temporarily stored information from the 
buffer memory, and applying a predetermined signal 
process, such as an interleave process, an 8-16 modu- 
lation process or the like, onto the read out information 
to generate processed information comprising a plural- 
ity of record units, such as a sync frame or the like; a 
recording process of recording the processed informa- 
tion onto an information record medium, such as a DVD- 
R or the like; a detecting process of detecting a storage 
amount of the temporarily stored information in the buff- 
er memory; a stop controlling process of controlling the 
recording process to stop recording the processed in- 
formation within a presently-recorded record unit among 
the record units, which includes the processed informa- 
tion which is being recorded by the recording process, 
when the detected storage amount becomes less than 
a predetermined value; and a re-start controlling proc- 
ess of controlling the recording process to re-start re- 
cording the processed information onto the information 
record medium from one of the record units, which in- 
cludes the processed information to be recorded prior 
in time sequence to the presently-recorded record unit, 
or which is identical with the presently-recorded record 
unit, when the detected storage amount becomes more 
than the predetermined value. 

According to the information recording method of 
the present invention, the storage amount of the tempo- 
rarily stored information in the buffer memory is detected 
by the detecting process. When the detected storage 
amount becomes less than the predetermined value, 
the recording process stops recording the processed in- 
formation within the presently-recorded record unit, 
which includes the processed information which is being 
recorded by the recording process, under the control of 
the stop controlling process. After that, when the detect- 
ed storage amount becomes more than the predeter- 
mined value, the recording process re-starts recording 
the processed information onto the information record 
medium from one of the record units, which includes the 
processed information to be recorded prior in time se- 



quence to the presently-recorded record unit, or which 
is identical with the presently-recorded record unit, un- 
der the control of the re -start controlling process. 

Therefore, even if the storage amount in the buffer 
s memory certainty decreases due to a generation of a 
discontinuity in the information before recording, the 
continuity of the processed information can be secured 
at the time of reproducing the processed information, 
which has been recorded on the information record me- 
dium, so that a precise reproduction is enabled. 

Further, since the processed information can be re- 
corded continuously on the information record medium, 
the recordable area on the information record medium 
is not wasted. 

Consequently, the recording and reproducing oper- 
ations can be precisely and certainly performed while 
efficiently utilizing the recordable area of the information 
record medium, such as a DVD-R or the like, according 
to the present invention. 

In one aspect of the information recording method 
of the present invention, the stop controlling process in- 
cludes a record unit storing process of storing the pres- 
ently-recorded record unit, and the re-start controlling 
process controls the recording process to re-start re- 
cording the processed information from one of the 
record units, which includes the processed information 
to be recorded prior in time sequence to the presently- 
recorded record unit stored by the record unit storing 
process, or which is identical with the presently-record- 
ed record unit stored by the record unit storing process. 

According to this aspect, the presently-recorded 
record unit is stored by the record unit storing process. 
Then, the recording process re-starts recording the 
processed information from one of the record units, 
which includes the processed information to be record- 
ed prior in time sequence to the presently-recorded 
record unit stored by the record unit storing process, or 
which is identical with the presently-recorded record unit 
stored by the record unit storing process, under the con- 
trol of the re-start controlling process. 

Therefore, the continuity ol the processed informa- 
tion can be surely secured at the time of reproducing the 
processed information, which has been recorded on the 
information record medium, so that a precise reproduc- 
tion is enabled. 

In another aspect of the information recording meth- 
od of the present invention, the processed information 
is divided into a plurality of error correction units, such 
as ECC blocks or the like, which are set in advance, the 
stop controlling process controls the recording process 
to stop recording the processed information within a 
second record unit from a head of each of the error cor- 
rection units among the record units included in each of 
the error correction units, as the presently-recorded 
record unit, and the re-start controlling process controls 
the recording process to re-start recording the proc- 
essed information onto the information record medium 
from a head of the presently-recorded record unit. 
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According to this aspect, the recording process 
stops recording the processed information within the 
second record unit from the head of each of the error 
correction units among the record units included in each 
of the error correction units, as the presently-recorded s 
record unit, underthecontrolofthe stop controlling proc- 
ess. Then, the recording process re-starts recording the 
processed information onto the information record me- 
dium from the head of the presently-recorded record 
unit, under the control of the re-start controlling process. io 

Therefore, the recording operation can be re-start- 
ed within one record unit, so that the recordable area on 
the information record medium can be even more effi- 
ciently utilized. 

Further, since the area where the processed infor- is 
mation is overwritten is only within the presently-record- 
ed record unit, it is easy to perform an error correction 
process at the time of reproducing the processed infor- 
mation. 

In another aspect of the information recording meth- 20 
od of the present invention, the information is inputted 
into the buffer memory from an external computer ap- 
paratus, such as a host computer or the like. 

According to this aspect, since the information is in- 
putted from the external computer apparatus, in case 2s 
that the input of the information is ceased due to a failure 
etc. of the external computer apparatus and that the 
generation of the processed information is ceased in 
due course, the processed information can be still re- 
corded continuously on the information record medium. 30 

In this aspect, the stop controlling process may in- 
clude an error signal transmitting process of transmitting 
an error signal, which indicates an error condition in the 
external computer apparatus, to the external computer 
apparatus when the detected storage amount remains 3S 
less than the predetermined value after the recording 
process stops recording the processed information. 

According to this case, after the recording process 
stops recording the processed information, when the 
detected storage amount remains less than the prede- 40 
termined value, the error signal is transmitted to the ex- 
ternal computer apparatus by the error signal transmit- 
ting process. Thus, it is possible to inform the external 
computer apparatus that it is in the error condition. 

In this aspect also, the information recording meth- 45 
od may be further provided with a stop command out- 
putting process of outputting to the external computer 
apparatus a data transfer stop command to stop a trans- 
mission of the information to the buffer memory, when 
the delected storage amount becomes a predetermined so 
full level of the buffer memory. 

According to this case, when the detected storage 
amount becomes the predetermined full level of the buff- 
er memory, the data transfer stop command to stop the 
transmission of the information to the buffer memory is ss 
outputted to the external computer apparatus, by the 
stop command outputting process. Thus, it is possible 
to prevent the buffer memory from becoming in the 



memory full condition. 

In this aspect also, the information recording meth- 
od may be further provided with a request command out- 
putting process of outputting to the external computer 
apparatus a data transfer request command to request 
a transmission of the information to the buffer memory, 
when the detected storage amount becomes a prede- 
termined storable level of the buffer memory. 

According to this case, when the detected storage 
amount becomes the predetermined storable level of 
the buffer memory, the data transfer request command 
to request the transmission of the information to the buff- 
er memory is outputted to the external computer appa- 
ratus, by the request command outputting process. 
Thus, it is possible to efficiently utilize the buffer memory 
during the recording operation. 

The above object of the present invention can be 
also achieved by an information recording apparatus 
provided with: a buffer memory for temporarily storing 
information, which is inputted from the external and is 
to be recorded; a generating device for reading out the 
temporarily stored information from the buffer memory, 
and applying a predetermined signal process onto the 
read out information to generate processed information 
comprising a plurality of record units; a recording device 
for recording the processed information onto an infor- 
mation record medium; a detecting device for detecting 
a storage amount of the temporarily stored information 
in the buffer memory; a stop controlling device for con- 
trolling the recording device to stop recording the proc- 
essed information within a presently-recorded record 
unit among the record units, which includes the proc- 
essed information which is being recorded by the re- 
cording device, when the detected storage amount be- 
comes less than a predetermined value; and a re-start 
controlling device for controlling the recording device to 
re-start recording the processed information onto the in- 
formation record medium from one of the record units, 
which includes the processed information to be record- 
ed prior in time sequence to the presently-recorded 
record unit, or which is identical with the presently-re- 
corded record unit, when the detected storage amount 
becomes more than the predetermined value. 

According to the information recording apparatus of 
the present invention, the storage amount of the tempo- 
rarily stored information in the buffer memory is detected 
by the detecting device. When the detected storage 
amount becomes less than the predetermined value, 
the recording device stops recording the processed in- 
formation within the presently-recorded record unit, 
which includes the processed information which is being 
recorded by the recording device, under the control of 
the stop controlling device. After that, when the detected 
storage amount becomes more than the predetermined 
value, the recording device re-starts recording the proc- 
essed information onto the information record medium 
from one of the record units, which includes the proc- 
essed information to be recorded prior in time sequence 
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to the presently-recorded record unit, or which is iden- 
tical with the presently-recorded record unit, under the 
control of the re -start controlling device. 

Therefore, even if the storage amount in the buffer 
memory certainly decreases due to a generation of a 
discontinuity in the information before recording, the 
continuity of the processed information can be secured 
at the time of reproducing the processed information, 
which has been recorded on the information record me- 
dium, so that a precise reproduction is enabled. 

Further, since the processed information can be re- 
corded continuously on the information record medium, 
the recordable area on the information record medium 
is not wasted. 

Consequently, the recording and reproducing oper- 
ations can be precisely and certainty performed while 
efficiently utilizing the recordable area of the information 
record medium, such as a DVD-R or the like, according 
to the present invention. 

In one aspect of the information recording appara- 
tus of the present invention, the stop controlling device 
includes a record unit storing device for storing the pres- 
ently-recorded record unit, and the re-start controlling 
device controls the recording device to re-start record- 
ing the processed information from one of the record 
units, which includes the processed information to be 
recorded prior in time sequence to the presently-record- 
ed record unit stored by the record unit storing device, 
or which is identical with the presently-recorded record 
unit stored by the record unit storing device. 

According to this aspect, the presently-recorded 
record unit is stored by the record unit storing device. 
Then, the recording device re -starts recording the proc- 
essed information from one of the record units, which 
includes the processed information to be recorded prior 
in time sequence to the presently-recorded record unit 
stored by the record unit storing device, or which is iden- 
tical with the presently- recorded record unit stored by 
the v record unit storing device, under the control of the 
re-start controlling device. 

Therefore, the continuity of the processed informa- 
tion can be surely secured at the time of reproducing the 
processed information, which has been recorded on the 
information record medium, so that a precise reproduc- 
tion is enabled. 

In another aspect of the information recording ap- 
paratus of the present invention, the processed informa- 
tion is divided into a plurality of error correction units 
which are set in advance, the stop controlling device 
controls the recording device to stop recording the proc- 
essed information within a second record unit from a 
head of each of the error correction units among the 
record units included in each of the error correction 
units, as the presently-recorded record unit, and the re- 
start controlling device controls the recording device to 
re-start recording the processed information onto the in- 
formation record medium from a head of the presently- 
recorded record unit. 



According to this aspect, the recording device stops 
recording the processed information within the second 
record unit from the head of each of the error correction 
units among the record units included in each of the er- 
s ror correction units, as the presently-recorded record 
unit, under the control of the stop controlling device. 
Then, the recording device re -starts recording the proc- 
essed information onto the information record medium 
from the head of the presently-recorded record unit, un- 
io der the control of the re -start controlling device. 

Therefore, the recording operation can be re-start- 
ed within one record unit, so that the recordable area on 
the information record medium can be even more effi- 
ciently utilized. 

Further, since the area where the processed infor- 
mation is overwritten is only within the presently-record- 
ed record unit, it is easy to perform an error correction 
process at the time of reproducing the processed infor- 
mation. 

In another aspect of the information recording ap- 
paratus of the present invention, the information is in- 
putted into the buffer memory from an external computer 
apparatus. 

According to this aspect, since the information is in- 
putted from the external computer apparatus, in case 
that the input of the information is ceased due to a failure 
etc. of the external computer apparatus and that the 
generation of the processed information is ceased in 
due course, the processed information can be still re- 
corded continuously on the information record medium. 
In this aspect, the stop controlling device may in- 
clude an error signal transmitting device for transmitting 
an error signal, which indicates an error condition in the 
external computer apparatus, to the external computer 
apparatus when the detected storage amount remains 
less than the predetermined value after the recording 
device stops recording the processed information. 

According to this case, after the recording device 
stops recording the processed information, when the 
detected storage amount remains less than the prede- 
termined value, the error signal is transmitted to the ex- 
ternal computer apparatus by the error signal transmit- 
ting device. Thus, it is possible to inform the external 
computer apparatus that it is in the error condition. 

In this aspect also, the information recording appa- 
ratus may be further provided with a stop command out- 
putting device for outputting to the external computer 
apparatus a data transfer stop command to stop a trans- 
mission of the information to the buffer memory, when 
the detected storage amount becomes a predetermined 
full level of the buffer memory. 

According to this case, when the detected storage 
amount becomes the predetermined full level of the buff- 
er memory, the data transfer stop command to stop the 
transmission of the information to the buffer memory is 
outputted to the external computer apparatus, by the 
slop command outputting device. Thus, it is possible to 
prevent the buffer memory from becoming in the mem- 
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ory full condition. 

In this aspect also, the information recording appa- 
ratus may be further provided with a request command 
outputting device for outpulting to the externa! computer 
apparatus a data transfer request command to request s 
a transmission of the information to the buffer memory, 
when the detected storage amount becomes a prede- 
termined storable level of the buffer memory. 

According to this case, when the detected storage 
amount becomes the predetermined storable level of 
the buffer memory, the data transfer request command 
to request the transmission of the information to the buff- 
er memory is outputted to the external computer appa- 
ratus, by the request command outputting device. Thus, 
it is possible to efficiently utilize the buffer memory dur- 
ing the recording operation. 

The nature, utility, and further features of this inven- 
tion will be more clearly apparent from the following de- 
tailed description with respect to preferred embodi- 
ments of the invention when read in conjunction with the 
accompanying drawings briefly described below. 

FIG.1A is a diagram showing a data structure of 
record information in an embodiment; 
FIG.1B is a diagram showing a configuration of an 
ECC block jn the record information in the embodT 
iment; 

FIG. 2 is a diagram showing a physical format of the 
record information in the embodiment; 
Fl G. 3 is a block diagram showing a schematic con- 
figuration of an information recording apparatus ac- 
cording to the present invention; 
FIG. 4 is a flowchart showing an information record- 
ing operation of the embodiment; 
FIG. 5 A is a diagram showing a transition of the data 
amount in a buffer memory during the information 
recording operation in the embodiment; and 
FIG. 5B is a diagram showing a change in the state 
of the data during the information recording opera- 
tion in the embodiment. 

Next, a preferred embodiment of the present inven- 
tion will be explained with reference to the accompanied 
drawings. In the following explanations, the present in- 
vention is applied to an information recording apparatus 
for recording record information onto a DVD-R as an 
embodiment of the present invention. 

(I) Record Format 

At first, a physical format of the record information 
on the DVD-R and an error correcting process for the 
record information are explained with reference to FIGS. 
1 and 2. 

The error correcting process for the DVD-R and an 
ECC block, which serves as an error correction unit in 
the error correcting process in the embodiment, are first- 
ly explained with reference to FIGS. 1 A and 1 B. 



0 

As shown in FIG. 1 A, the record information record- 
ed on the DVD-R has a physical structure including a 
plurality of data sectors 20. One data sector 20 is com- 
posed, in an order from a head portion thereof, of; an ID 
information (ID) 21 indicative of a start position of the 
data sector 20; an ID information error correction code 
(IEC) 22 for correcting errors in the ID information 21; 
reserve data (RSV) 23; data 24 which is the main data 
to be recorded; and an error detection code (EDC) 25 
for detecting errors in the data 24. The record informa- 
tion to be recorded is constituted by a plurality of the 
data sectors 20 arranged in sequence. 

Next, a process in an encoder described later for 
constituting the ECC block by the data sectors 20 is ex- 
plained with reference to FIG.1B. 

As shown in FIG. 1B, when constituting an ECC 
block 30 by the data sectors 20, one data sector 20 is 
firstly divided into a plurality of blocks, each of which is 
172 bytes data, and each divided data (hereinafter, it is 
referred to as a "data block 33") is arranged in a vertical 
direction (refer to the left side of FIG.1B). At this time, 
the data blocks 33 are arranged in 1 2 lines in the vertical 
direction. 

For each data block 33 arranged in the vertical di- 
rection, an ECC internal code (PI (Parity In) sign) 31 
having 10 bytes data is affixed. to the end of the data 
block 33 to constitute one correction block 34 (refer to 
right side of FIG. 1 B). At this stage, the correction blocks 
34 to which the ECC internal codes 31 are affixed are 
arranged in 12 lines in the vertical direction. After that, 
this process is repeated with respect to 16 data sectors 
20. Accordingly, the correction blocks 34 of 192 
(=12X16) lines are obtained. 

Next, the correction blocks 34 of 192 lines are di- 
vided for each one byte in the vertical direction from the 
beginning thereof, in the state that the 1 92 lines of the 
correction blocks 34 are arranged in the vertical direc- 
tion. Then, 16 ECC external codes (PO (Parity Out) 
signs) 32 are affixed to each of the vertically divided data 
blocks. It is noted that the ECC external code 32 is also 
affixed to a portion of the ECC internal code 31 within 
the correction block 34. 

From the above mentioned process, one ECC block 
30 including 1 6 data sectors 20 is produced as shown 
in FIG.1B (the right side). At this time, a total amount of 
the information included within one ECC block 30 is ex- 
pressed by an equation described below. 

(172+10) bytes X (192+16) lines = 37856 bytes 

The actual data 24 (i.e., other than the ECC codes) 
in it is expressed by an equation described below. 

2048 bytes X 16 = 32768 bytes 

In the ECC block 30 shown in FIG.1 B, data of one 
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byte is indicated by [D#. *]. For example, (D1. 0] indi- 
cates the data of one byte positioned at a first line and 
a zeroth column, and [D190. 170] indicates the data of 
one byte positioned at a 190th line and a 170th column. 
Thus, the ECC internal codes 31 are positioned at 
172nd to 181st columns respectively, and the ECC ex- 
ternal codes 32 are positioned at 1 92nd to 207th lines 
respectively. 

The correction blocks 34 are consecutively record- 
ed on the DVD-R. 

The reason why the ECC block 30 is constituted so 
as to include both of the ECC internal code 31 and the 
ECC external code 32, as shown in the right side of FIG. 
1 B, is that the data arranged in the horizontal direction 
in FiG.1 B is corrected by the ECC internal code 31 and 
the data arranged in the vertical direction is corrected 
by the ECC external code 32. That is, it is possible to 
perform the error correction in both of the horizontal and 
vertical directions within the ECC block 30 shown in FIG. 
IB. 

More concretely, for example, even if a certain one 
of the correction blocks 34 (which are, as mentioned 
above, consecutively recorded on the DVD-R and each 
of which has the data of 182 bytes in total including the 
ECC internal codes 31 for one line) is entirely destroyed 
by a scratch or the like existing on the DVD-R, it is mere- 
ly the one-byte data destruction with respect to the ECC 
external codes 32 at one column, as viewed in the ver- 
tical direction. Thus, by carrying out the error correction 
using the ECC external codes 32 at each column, it is 
possible to appropriately carry out the error correction 
to correctly reproduce the original information from the 
destroyed information, even though one correction 
block 34 is entirely destroyed. 

The manner of actually recording onto the DVD-R 
the data sectors 20 included in the ECC blocks 30 
shown in FIG.1 B is explained with reference to FIG. 2. 
In FIG. 2, the data indicated in [D#. *] corresponds to 
the data described in the right side of FIG.1 B. Inciden- 
tally, processes at the time of recording the data sector 
20 in FIG. 2 (i. e. an interleave process and an 8-16 mod- 
ulation process) are processes performed by the encod- 
er described later. 

At the time of recording the ECC blocks 30 onto the 
DVD-R, the ECC blocks 30 are firstly aligned along one 
line in a horizontal direction for each correction block 
34, as shown in a top stage of FIG.2, and then are in- 
terleaved to be divided into 16 recording sectors 40 (as 
shown in a second top stage of FIG. 2). At this time, one 
recording sector 40 includes information of 2366 bytes 
(= 37856 bytes / 16), and that the data sectors 20, the 
ECC internal codes 31 and the ECC external codes 32 
are intermingled and included in each recording sector 
40, However, the ID information 21 (refer to FIG.1 A) in 
the data sector 20 is positioned at a head portion of each 
recording sector 40. 

The recording sector 40 is divided into a plurality of 
data 41 each having 91 bytes, and a header H is ap- 



pended to each data 41 (as shown in a third top stage 
of FIG. 2). After that, one sync frame 42 is produced 
from one data 41 by 8-16-modulating the recording sec- 
tor 40 including the pairs of the header H and the data 
s 41 . At this time, one sync frame 42 is composed of a 
header H' and data 43 (as shown in a bottom stage of 
FIG. 2). Further an information amount within one sync 
frame 42 is expressed by an equation described below 

70 

91 bytes X 8 X (16/8) = 1456 bytes 

Then, the information is written onto a DVD-R 1 in 
a form of the continuous sync frames 42. At this time, 

is one recording sector 40 includes 26 sync frames 42. 

By constituting the above explained physical format 
and recording the record information onto the DVD-R, 
the 8-16-demodulation and de-interleave (refer to FIG. 
2) are performed at the time of reproducing the recorded 

20 information to thereby reproduce the original ECC block 
30 while performing the effective error correction to ac- 
curately reproduce the record information. 

(II) Information Recording Apparatus 

25 

Next, an information recording apparatus as an em- 
bodiment of the present invention for recording the 
record information onto the DVD-R 1 according to the 
physical format explained with reference to FIGS.1 A to 
30 2 is explained with reference to FIGS. 3 to 5B. Here, the 
following assumptions are made in the embodiment de- 
scribed below. Namely, pre-pits or the like carrying ad- 
dress information on the DVD-R 1 are formed in ad- 
vance on the information tracks, on which the record in- 
35 formation is to be recorded, of the DVD-R 1 . Then, at 
the time of recording the record information, the address 
information on the DVD-R 1 is obtained by detecting the 
pre-pits. By this, a record position on the DVD-R 1 where 
the record information is to be recorded is detected, so 
40 that the record information is recorded thereto. 

A configuration of the information recording appa- 
ratus of the embodiment is firstly explained with refer- 
ence to FIG. 3. 

As shown in FIG. 3, an information recording appa- 
45 ratus S of the embodiment is provided with: a pick-up 2; 
a reproduction amplifier (AMP) 3; a decoder 4; a pre-pit 
signal decoder 5; a spindle motor 6; a servo circuit 7; a 
processor (CPU) 8; an encoder 9; a power control circuit 
11; a laser drive circuit 12; and an interface 13. To the 
50 information recording apparatus S, a record information 
signal S R indicating record information to be recorded 
is inputted through the interlace 1 3 from an external host 
computer 14. 

The encoder 9 is provided with a buffer memory 1 0. 
55 Next, a whole operation is explained. 

The pick-up 2 includes a laser diode, a deflection 
beam splitter, an objective lens, light detectors and the 
like (not shown), and irradiates a light beam B onto the 
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information record surface of the DVD-R 1 on the basis 
of a laser drive signal S DL , and detects the pre-pits on 
the basis of a reflected light thereof to thereby record an 
encode signal S RE described later. Moreover, in a case 
of the existence of old record information which has 
been already recorded, the pick-up 2 detects this old 
record information on the basis of the reflected light of 
the light beam B. 

Then, the reproduction amplifier 3 amplifies a de- 
tection signal S DT including the information correspond- 
ing to the pre-pits (and the information corresponding to 
the old record information which has already been re- 
corded, if it exists) outputted by the pick-up 2, and out- 
puts a pre-pit signal S PP corresponding to the pre-pits 
(and an amplified signal S P corresponding to the old 
record information, if it exists). 

After that, the decoder 4 applies the B-16-demodu- 
lation and the de-interleave to the amplified signal S P to 
thereby decode the amplified signal S P and then outputs 
a demodulated signal S DM and a servo demodulated 
signal S SD . 

On the other hand, the pre-pit signal decoder 5 de- 
codes the pre-pit signal S PP to thereby output a demod- 
ulated pre-pit signal S PD . 

Then, the servo circuit 7 outputs to the pick-up 2 a 
pick-up servo control signal S SP for focus servo control 
and tracking servo control in the pick-up 2, on the basis 
of the demodulated pre-pit signal S PD and the servo de- 
modulated signal S SD , and also outputs to the spindle 
motor 6 a spindle servo signal S ss for servo-controlling 
the rotation o1 the spindle motor 6 to rotate the DVD-R 1 . 

Along with this, the processor 8 outputs to the ex- 
ternal a reproduction signal S OT corresponding to the 
old record information, which has been already record- 
ed, on the basis of the demodulated signal S DM , and 
further outputs a buffer control signal S P so as to control 
the recording operation described later. 

On the other hand, the interface 1 3 performs an in- 
terface operation with respect to the record information 
signal S R transmitted from the host computer 14 so as 
to read it into the information recording apparatus S un- 
der the control of the processor 8, and outputs the record 
information signal S R to the encoder 9. 

The encoder 9 : which includes an ECC generator, 
an 8-16 modulator, a scrambler and the like (not shown 
in the figure) as well as the buffer memory 10, affixes 
the ECC internal code 31 and the ECC external code 32 
to the record information signal S R to thereby constitute 
the ECC block 30, and applies the interleave process, 
the 8-16 modulation process and the scramble process 
to the ECC block 30 to thereby output the encode signal 
S RE . At this time, the buffer memory 10 included in the 
encoder 9 temporarily stores the record information sig- 
nal S R from the host computer 14 on the basis of the 
buffer control signal S c from the processor 8, and out- 
puts the record information signal S P at a reading out 
rate corresponding to a recording rate for the encode 
signal S RE of the pick-up 2 with respect to the DVD-R 1 . 



More concretely, after the record information signal 
S R is temporarily stored in the buffer memory 10, the 
record information signal S R is read out from the buffer 
memory 10 under the control of the buffer control signal 
5 S c . so that the generation process of the ECC block 30, 
the interleave process and so on are applied to this read 
out record information signal S R in the encoder 9 in the 
present embodiment. 

Then, the power control circuit 11 outputs to the la- 
to ser drive circuit 1 2 a drive signal S D to control an output 
of the laser diode (not shown) within the pick-up 2 on 
the basis of the encode signal S RE . 

After that, the laser drive circuit 12 outputs to the 
laser diode the laser drive signal S DL for actually driving 
*s the laser diode to emit the light beam B on the basis of 
the drive signal S D . 

Further, the information recording apparatus S may 
reproduce the information recorded on the DVD-R 1 . In 
that case, the reproduction signal S OT is outputted to 
20 the external through the processor 8 on the basis of the 
demodulated signal S DM . 

(Ill) Information Recording Operation 

25 A recording operation for the record information in 
the embodiment is .explained with reference to FIGS. 4 
to 5B. FIG. 4 is a flow chart showing the recording op- 
eration for the record information in the embodiment, 
which is performed mainly by the p'rocessor 8. FIG. 5 A 

so shows a transition of the data amount of the record in- 
formation corresponding to the record information signal 
S R in the buffer memory 1 0 during the recording opera- 
tion shown in FIG. 4. FIG. SB shows a change in the 
state of the data during the recording operation shown 

35 in FIG. 4. 

In FIG. 4, at first, when the information recording 
apparatus S is started, the record information signal S R 
is received from the host computer 1 4 through the inter- 
face 1 3, and is temporarily stored into the buffer memory 

to 10 in the encoder 9 (step S1, as indicated by a portion 
P1 of the graph in FIG. 5A). Then, when the buffer mem- 
ory 10 is filled with the record information signal S R , the 
processor 8 transmits a data transfer stopping com- 
mand signal S P (which indicates the aforementioned da- 

<5 ta transfer stopping command to request for temporarily 
stopping the data transfer) to the host computer 14, and 
the processor 8 also transmits the buffer control signal 
S c to the buffer memory 10 so that the encoder 9 gen- 
erates the encode signal S RE on the basis of the record 

so information signal S R stored in the buffer memory 10. 
Then, it is started to record the encode signal S RE onto 
the DVD-R 1 by the power control circuit 11, the laser 
drive circuit 12, the pick-up 2 and so on (step S2). Next, 
a UR flag in the processor 8, which indicates that the 

55 condition of the buffer memory 10 becomes the under 
run condition, is initialized i.e., reset to "0" (step S3). At 
this time, when recording is started at the step S2, the 
data amount in the buffer memory 1 0 gradually decreas- 
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es (as indicated by a portion P2 of the graph in FIG. 5A). 

Next, the data amount in the buffer memory 10 is 
checked by the processor 8 while the output of the 
record information signal S R from the buffer memory 10 
is continued (step S4). After that, it is judged by the proc- s 
essor 8 whether the UR flag is "1 M (i.e., the buffer mem- 
ory 1 0 is in the under run condition) and the data amount 
in the buffer memory 10 is not at the full level (i.e., the 
buffer memory 10 is not filled with the record information 
signal S R ) (step S5). 

At the step S5 S since the UR flag is not "1" in the 
present occasion (step S5: NO), it is nextly judged 
whether or not the data amount in the buffer memory 10 
is more than a level A set in advance (step S6). This 
level A corresponds to the data amount of the buffer 
memory 10, at which a data transfer request command 
signal S Q indicating the aforementioned data transfer 
request command to request for transferring the data in 
the next segment from the host computer 14 is to be 
outputted from the processor 8 to the host computer 14 
(as indicated by the level A in FIG. 5A). Then, if the data 
amount is not more than the level A (step S6: NO, as 
indicated by a portion P3 of the graph in FIG. 5A), the 
data transfer request command signal S Q is transmitted 
from the processor 8 to the host computer 1 4 (step S7). 
In response to this, as the record information signal S R 
is transmitted from the host computer 14, the data 
amount in the buffer memory 10 gradually increases (as 
indicated by a portion P4 of the graph in FIG. 5A). 

At this stage, when it is stopped to transfer the 
record information signal S R from the host computer 14, 
since the recording operation onto the DVD-R 1 is still 
continued, the data amount in the buffer memory 10 
gradually decreases (as indicated by a portion P5 of the 
graph in FIG. 5 A). Then , it is judged by the processor 8 
whether or not the data amount in the buffer memory 1 0 
is more than a level B set in advance, which corresponds 
to a standard data amount at which the buffer memory 
10 is judged as the under run condition (as indicated by 
the level B in FIG. 5A) (step SB). Here, more concretely, 
in case that the ECC block 30 is constructed by 32 K 
bytes, the level B is set to 48 Kbytes, for example. 

According to the judgment at the step S8, if it is 
judged that, since the record information signal S R is not 
still transmitted from the host computer 14, the data 
amount in the buffer memory 10 is not more than the 
level B (step S8: NO), it is concluded that the buffer 
memory 10 is in the under run condition (as indicated 
by a range of "under run" in FIG. 5A). Then, it is checked 
where a record position, at which the pick-up 2 is pres- 
ently recording on the DVD-R 1 , is positioned (step S9). 
Then, it is judged whether or not the record position is 
at a predetermined position at which recording onto the 
DVD-R 1 is to be temporarily stopped (step S10). In the 
present embodiment, this predetermined position, at 
which recording is to be temporarily stopped in case of 
the under run condition, is set in a latter half portion of 
the 2nd sync frame 42 from the head of the ECC block 



30. Thus, in this case, it is judged whether or not the 
record position is positioned in a latter half portion of the 
2nd sync frame 42 from the head of the ECC block 30 
at the step S10. Then, if the record position is at this 
predetermined position (step S10: YES), recording is 
temporarily stopped at the latter half portion of the 2nd 
sync frame 42 from the head of the ECC block 30, and 
that the header H' indicating this 2nd sync frame 42 is 
stored into a RAM (Random Access Memory) in the 
processor 8. Further, a timer in the processor 8 not il- 
lustrated is started, and the UR flag is set to "1* (step 
S11). 

Here, the condition of the buffer memory 10 while 
the process at the step S11 is executed is explained with 
reference to FIG. 5B. In a second top stage of FIG. 5B, 
it is assumed that the under run condition of the buffer 
memory 10 is detected when the record information sig- 
nal S R is recorded into the buffer memory 10 until a point 
(C) in FIG. 5B (step S8: NO), the processor 8 controls 
the pick-up 2 etc., to temporality stop the recording op- 
eration in such a state that the encode signal S RE until 
a point (B) in the second top stage of FIG. 5B has been 
recorded (L e., until the latter half portion of the 2nd sync 
frame 42 from the head of the ECC block 30) (step S1 1 ). 
At this time, on the DVD-R 1 , as shown in a bottom stage 
of FIG. 5B, recording has been completed until a posi- 
tion corresponding to the point (B). On the other hand, 
the record information signal S R , which corresponds to 
a range from a front half position of the 2nd sync frame 
42 from the head of the ECC block 30 (e. g., the point 
(A) in the second top stage of FIG. 5B) to a point (C) in 
the second top stage of FIG. 5 B, has been stored in the 
buffer memory 10. 

In this manner, when recording is temporarily 
stopped (step S11 ), it is judged whether or not the timer 
of the processor 8, which has been started at the step 
S11, indicates a standard time C to judge a hung up con- 
dition of the host computer 14 (i. e. a trouble condition 
in which the host computer 14 cannot transmit the 
record information signal S R due to a failure of the CPU 
etc. thereof) (step S12). If the timer does not indicates 
the standard time C yet (step S12: NO), the operation 
flow returns to the step S4, since there is such a possi- 
bility that transferring the record information signal S H 
is re-started from the host computer 1 4, so as to check 
the data amount in the buffer memory 10. Next, if trans- 
ferring the record information signal S R is not re-started 
from the host computer 1 4 yet, since the judgment result 
at the step S5 becomes "YES", the operation flow 
branches to the step S12, so as to check the value of 
the timer again. Then, if transferring the record informa- 
tion signal S R from the host computer 14 is not re-started 
until the value of the timer reaches the value C (step 
S1 2: YES), since the possibility that the host computer 
1 4 is in the hung up condition is high, an error signal S E , 
which indicates that the possibility of the hung up con- 
dition is high, is transmitted to the host computer 1 4 
(step S13), and the processes are finished. 
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On the other hand, after the buffer memory 1 0 once 
becomes in the under run condition, if transferring the 
record information signal S R from the host computer 14 
is re-started before the timer becomes the value C and 
the buffer memory 1 0 is filled (as indicated by a portion s 
P6 of the graph in FIG. 5A), since the judgment result 
at the step S5 becomes "NO", it is judged at the step S6 
whether or not the data amount in the buffer memory 1 0 
is more than the level A. In the present occasion, since 
the buffer memory 10 is filled (step S6: YES), it is judged to 
whether or not the UR flag is set to T at the step S1 4. 
In case that the data amount is recovered after the buffer 
memory 10 is once in the under run condition, since the 
UR flag is set to "1 ■ (step S1 4: YES), the UR flag is ini- 
tialized i.e. set to "O" (step S17). Then, when recording is 
is re-started, the header H' of the sync frame 42 where 
recording has been stopped, which is stored in the RAM 
of the processor 8 (i. e., the header H* of the 2nd sync 
frame 42 from the head of the ECC block 30) is read out 
from the RAM. Further, it is judged whether or not the so 
record position of the pick-up 2 is at a connect position, 
which is the head position of the 2nd sync frame 42 from 
the head of the ECC block 30, so as to re-start recording 
from the head of the sync frame 42, which is read out 
from the RAM including a stopped position where re- 25 
cording has been temporarily stopped, in correspond- 
ence with the stopped position (as indicated by the point 
(B) in FIG. 5B) (step SI 8). If the record position is at the 
connect position (step S18: YES), recording is re-start- 
ed as it is (step S20). If the record position is not at the 30 
connect position (step S18; NO), the pick-up 2 is moved 
to the head position (i. e. the connect position) of the 
sync frame 42 (step S19), and recording is re-started 
(step S20, as indicated by a portion P7 of the graph in 
FIG. 5A). 35 

At this time, when recording is re-started at the step 
S20, one series of the record information signal S R is 
constructed by adding the latter half portion of the record 
information signal S R after re-starting the transmission 
from the host computer 14, with respect to the portion *o 
of the record information signal S R , which remains in the 
buffer memory 1 0 at the time of temporarily stopping re- 
cording (i.e. the portion of the record information signal 
S R corresponding to the area from the point (A) to the 
point (C) in the second top stage of FIG. 5B, which is *s 
stored in the buffer memory 10). Then, the encode sig- 
nal S RE corresponding to this one series of the record 
information signal S n is re-recorded from the head of 
the 2nd sync frame 42 from the head of the ECC block 
30 (as indicated by the third top stage of FIG. 5B). At so 
this time, on the DVD-R 1 , the encode signal S RE is over- 
written from the head of the 2nd sync frame 42 (from the 
head of the ECC block 30) to the position corresponding 
to the point (B) as shown in the bottom stage of FIG. 5B. 
Thus, the data in this overwritten portion (i.e. a data de- ss 
stroyed area D in the bottom stage of FIG. 5B) is de- 
stroyed. However, since the data destroyed area D is 
within one sync frame 42, it is within an error correctable 



area for the error correction at the time of reproducing 
the record information, so that the erroneous reproduc- 
tion is not caused at the time of reproduction. 

At the step S20, when recording is re-started, the 
operation flow returns to the step S4, so as to check the 
data amount in the buffer memory 1 0 and prepare for 
the next under run condition, again. 

On the other hand, according to the judgment at the 
step S6, even if the data amount in the buffer memory 
10 is less than the level A (step S6: NO), by the trans- 
mission of the record information signal S R from the host 
computer 14 in response to the data transfer requesting 
command signal S Q (step S7), if the data amount in the 
buffer memory 10 becomes more than the level B (step 
S8: YES), the operation flow branches to the step S1 4, 
so as to perform recording again. 

Further, according to the judgment at the step S1 0, 
if the record position of the pick-up 2 is not at the pre- 
determined position (i. e M not in the latter half portion of 
the 2nd sync frame 42 from the head of the ECC block 
30) although the buffer memory 10 is in the under run 
condition (step S10: NO), the operation flow branches 
to the step S14 so as to continue recording until the 
record position reaches this predetermined position. 

On the other hand, at the step S14, if the under run 
condition is not generated or is dissolved after it is once 
generated, since the UR flag is not set to "1 " (step S1 4; 
NO), recording the encode signal S RE is continued (step 
S15). Then, it is judged whether or not the transfer of 
the record information signal S R is all ended in accord- 
ance with an end command etc. for the record informa- 
tion signal S R from the host computer 14 (step S16). If 
it is all ended (step S16: YES), the recording operation 
is ended. If the transfer of the record information signal 
S R is not all ended (step S16: NO), the operation flow 
returns to the step S4 so as to continue the recording 
operation, check the data amount in the buffer memory 
10 and prepare for the next under run condition. 

Incidentally, in the flow chart of FIG. 4, in case of 
the normal condition i.e., in case that the under run con- 
dition is not generated i the processes at the steps S1 to 
S6 (or S8), S14 to S16 are repeated. 

As explained above, according to the recording op- 
eration in the embodiment, in case that the data amount 
in the buffer memory 10 becomes less than the prede- 
termined level B ; recording is temporarily stopped in the 
latter half portion of the 2nd sync frame 42 from the head 
of the ECC block 30, and recording is re-started from 
the head of the 2nd sync frame 42 from the head of the 
ECC block 30 when the data amount recovers to be 
more than the predetermined level B (or the level A). 
Accordingly, even if the data amount in the buffer mem- 
ory 1 0 decreases by the generation of the under run con- 
dition in the record information signal S R , it is possible 
to maintain the continuity of the data at the time of re- 
producing the encode signal S RE after recording the 
DVD-R 1j so that a precise reproduction can be per- 
formed. 
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Since the overwritten portion of the encode signal 
S RE is within one sync frame 42, it is possible to easily 
perform the error correction at the time of reproduction. 

Further, since the record information signal S R is 
outputted from the host computer 14, even if the record 
information signal S R is ceased due to the failure of the 
host computer 14 etc. and the generation of the encode 
signal S RE is ceased in due course, the encode signal 
S RE can be continuously recorded on the DVD-R 1. 

Furthermore, since the processor 8 transmits the 
error signal S E to the host computer 14 when the data 
amount in the buffer memory 10 remains less than the 
level B after recording the encode signal S RE is stopped, 
it is possible for the host computer 1 4 to recognize that 
it is in the error condition. 

In the above explained embodiment, recording is 
temporarily stopped within the 2nd sync frame 42 from 
the head of the ECC block 30, and recording is re-start- 
ed from the head of this sync frame 42. However, the 
present invention is not limited to this. For example, re- 
cording may be re-started while overwriting from anoth- 
er sync frame 42 which is prior in time sequence, by a 
data amount corresponding to a plurality of sync frames, 
to one sync frame 42 at which recording has been 
stopped, as long as it is within the area correctable by 
the error correction capability at the time of reproducing 
the ECC block 30. In this case, by storing the sync frame 
42, which is being recorded at a time when recording is 
temporarily stopped, into the RAM of the processor 8, 
and by re-starting the recording operation while over- 
writing from the sync frame 42 which is prior in time se- 
quence, by the data amount corresponding to a plurality 
of sync frames, to the stored sync frame 42, or overwrit- 
ing from the stored sync frame 42 itself, the recording 
operation can be temporarily stopped at any sync frame 
42 within the area correctable by the error correction ca- 
pability at the time of reproducing the ECC block 30. 

Further, in the above explained embodiment, after 
the record information signal S R is temporarily stored in 
the buffer memory 10, the record information signal S R 
is read out so that the generation process of the ECC 
block 30, the interleave process and so on are applied 
to this read out record information signal S R . However, 
the present invention is not limited to this. For example, 
after applying the generation process of the ECC block 
30, the interleave process and so on to the record infor- 
mation signal S R , the processed data i.e., the encode 
signal S RE may be temporarily stored in the buffer mem- 
ory 10. and then, the stored data may be recorded onto 
the DVD-R 1 . 

In the above explained embodiment, the case 
where the record information is recorded onto the DVD- 
R 1 has been explained. However, the present invention 
is not limited to this. For example, as long as the record 
information, which is divided into recording units such 
as sync frames or the like, is to be recorded, the present 
invention can be applied to a hard disc apparatus, a flex- 
ible disc apparatus and so on. 



Claims 

1. An information recording method characterized in 
that said method comprises: 

s 

a buffering process for temporarily storing in- 
formation (S R ), which is inputted from the ex- 
ternal (14) and is to be recorded, in a buffer 
memory (10); 

to a generating process for reading out the tem- 

porarily stored information from said buffer 
memory, and applying a predetermined signal 
process onto the read out information to gener- 
ate processed information (S RE ) comprising a 
plurality of record units (42); 
a recording process of recording the processed 
information onto an information record medium 

0); 

a detecting process of detecting a storage 
20 amount of the temporarily stored information in 

said buffer memory; 

a stop controlling process of controlling said re- 
cording process to stop recording the proc- 
essed information within a presently-recorded 

25 record unit among the record units, which in- 

cludes the processed information which is be- 
ing recorded by said recording process, when 
the detected storage amount becomes less 
than a predetermined value; and 

30 a re-start controlling process of controlling said 

recording process to re-start recording the 
processed information onto said information 
record medium from one of the record units, 
which includes the processed information to be 

35 recorded prior in time sequence to said pres- 

ently-recorded record unit, or which is identical 
with said presently-recorded record unit, when 
the detected storage amount becomes more 
than the predetermined value. 

40 

2. An information recording method according to claim 
1 , characterized in that 

said stop controlling process includes a record 
45 unit storing process ol storing the presently-re- 

corded record unit, and 
said re-start controlling process controls said 
recording process to re -start recording the 
processed information from one of the record 
50 units, which includes the processed information 

to be recorded prior in time sequence to said 
presently-recorded record unit stored by said 
record unit storing process, or which is identical 
with said presently-recorded record unit stored 
ss by said record unit storing process. 

3. An information recording method according to claim 
1 or 2, characterized in that 
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the processed information (S RE ) is divided into 
a plurality of error correction units (30) which 
are set in advance, 

said slop controlling process controls said re- 
cording process to stop recording the proc- s 
essed information within a second record unit 
(42) from a head of each of the error correction 
units among the record units included in each 
of the error correction units : as said presently- 
recorded record unit, and io 
said re-start controlling process controls said 
recording process to re-start recording the 
processed information onto said information 
record medium (1 ) from a head of said present- 
ly-recorded record unit. * is 

An information recording method according to any 
one of claims 1 to 3, characterized in that the infor- 
mation (S R ) is inputted into said buffer memory (10) 
from an external computer apparatus (14), 20 

An information recording method according to claim 
4, characterized in that said stop controlling process 
includes an error signal transmitting process of 
transmitting an error signal (S E ) ( which indicates an 2s 
error condition in said external computer apparatus 
(1 4), to said externa! computer apparatus when the' 
detected storage amount remains less than the pre- 
determined value after said recording process 
stops recording the processed information (S RE ). 30 

An information recording method according to claim 
4, characterized in that said method further com- 
prises a stop command outputting process of out- 
putting to said external computer apparatus (14) a 3$ 
data transfer stop command (S s ) to stop a trans- 
mission of the information (S R ) to said buffer mem- 
ory (10), when the detected storage amount be- 
comes a predetermined full level of said buffer 
memory. 40 

An information recording method according to claim 
4, characterized in that said method further com- 
prises a request command outputting process of 
outputting to said external computer apparatus (14) 
a data transfer request command (S Q ) to request a 
transmission of the information (S R ) to said buffer 
memory (10), when the detected storage amount 
becomes a predetermined storable level of said 
buffer memory. so 

An information recording apparatus (S) character- 
ized in that said apparatus comprises: 

a buffer memory (1 0) for temporarily storing in- ss 
formation (S R ) : which is inputted from the ex- 
ternal (14) and is to be recorded; 
a generating device (9) for reading out the tem- 



porarily stored information from said buffer 
memory, and applying a predetermined signal 
process onto the read out information to gener- 
ate processed information (S RE ) comprising a 
plurality of record units (42); 
a recording device (2, 11, 12) for recording the 
processed information onto an information 
record medium (1); 

a detecting device (8) for detecting a storage 
amount of the temporarily stored information in 
said buffer memory; 

a stop controlling device (8) for controlling said 
recording device to stop recording the proc- 
essed information within a presently-recorded 
record unit among the record units, which in- 
cludes the processed information which is be- 
ing recorded by said recording device, when 
the detected storage amount becomes less 
than a predetermined value; and 
a re-start controlling device (8) for controlling 
said recording device to re-start recording the 
processed information onto said information 
record medium from one of the record units, 
which includes the processed information to be 
recorded prior in time sequence to said pres- 
ently-recorded record unit, or which is identical 
with said presently-recorded record unit, when 
the detected storage amount becomes more 
than the predetermined value. 

9. An information recording apparatus (S) according 
to claim 8, characterized in that 

said stop controlling device (8) includes a 
record unit storing device for storing the pres- 
ently-recorded record unit (42), and 
said re-start controlling device (8) controls said 
recording device (2,11,12) to re-start recording 
the processed information (S RE ) from one of 
the record units, which includes the processed 
information to be recorded prior in time se- 
quence to said presently-recorded record unit 
stored by said record unit storing device, or 
which is identical with said presently-recorded 
record unit stored by said record unit storing de- 
vice. 

10. An information recording apparatus (S) according 
to claim 8 or 9, characterized in that 

the processed information (S RE ) is divided into 
a plurality of error correction units (30) which 
are set in advance, 

said stop controlling device (8) controls said re- 
cording device (2, 11, 12) to stop recording the 
processed information within a second record 
unit (42) from a head of each of the error cor- 
rection units among the record units included 
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in each of the error correction units, as said 
presently-recorded record unit, and 
said re-start controlling device (8) controls said 
recording device to re-start recording the proc- 
essed information onto said information record s 
medium (1) from a head of said presently-re- 
corded record unit. 

11. An information recording apparatus (S) according 

to any one of claims 8 to 10, characterized in that io 
the information (S R ) is inputted into said buffer 
memory (10) from an external computer apparatus 
(14). 

12. An information recording apparatus (S) according is 
to claim 1 1 , characterized in that said stop control- 
ling device (8) includes an error signal transmitting 
device for transmitting an error signal (S E ), which 
indicates an error condition in said external compu- 
ter apparatus (14), to said external computer appa- 20 
rat us when the detected storage amount remains 
less than the predetermined value after said record- 
ing device (2, 11, 12) slops recording the processed 
information. 

25 

13. An information recording apparatus (S) according 
to claim 1 1 , characterized in that said apparatus fur- 
ther comprises a stop command outputting device 
(8) for outputting to said external computer appara- 
tus (14) a data transfer stop command (S s ) to stop 30 
a transmission of the information (S R ) to said buffer 
memory (10), when the detected storage amount 
becomes a predetermined full level of said buffer 
memory. 

35 

14. An information recording apparatus (S) according 
to claim 1 1 , characterized in that said apparatus fur- 
ther comprises a request command outputting de- 
vice (8) for outputting to said external computer ap- 
paratus ( 1 4) a data transfer request command (S E ) 40 
to request a transmission of the information (S R ) to 
said buffer memory (10), when the detected storage 
amount becomes a predetermined storable level of 
said buffer memory. J 
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